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ABSTRACT 


Plant growth, fruit yield and uptake of the major cations 
was studied in tomato plants grown in perlite and fed with nutrient 
solutions containing two and six levels of potassium and magnesium 
respectively. 

Under the higher potassium level (12 meq/liter) more 
magnesium was needed in the substrate to obtain comparable plant 
growth, fruit yield or number of fruits produced per plant than 
under the lower substrate potassium level (4 meq/liter). Mineral 
analyses indicated that the unavailability of magnesium is due 
to hindered uptake when both potassium and magnesium levels are 
high (12 meq/liter and 3 meq/liter, respectively). Under the 
high potassium and the low magnesium substrate levels the unavailability 
appears to occur within the plants. The antagonistic effect on 
potassium is operative under the lower concentrations of both 
potassium and magnesium. Potassium and magnesium act together in 
depressing the uptake of calcium. 

Soil temperature and light intensity both appear to affect 
the magnesium uptake of tomato plants. High soil temperatures 
and high substrate potassium interact in reducing the uptake of 
magnesium. High light intensity appears to decrease magnesium 
uptake. 

Under the high substrate potassium level the critical 
level of magnesium for optimum fruit production was significantly 
different from the level under the lower substrate potassium. 

No definite critical values, therefore, can be assigned to a crop, 


at least when ion interactions are involved. 


| Le 3 ; 3 : 3A ii af =v a 12 , fi 

fate © ot itn2e e adie 

ts elovet ° ; oe ‘ertotautoa 

; * akuer snail 
_? w 


ise a ofa zyobnl CS 


‘$ 


j , 
— —er 
é : a jowso 
’ 
— 
3 *~ 
_ - 
r + ' , , 
7, 
~ r + ¥ 
i 
7 \ 
' 
4 sa my 
Riise . 
: * 
pe i . GG a 
- : mela Te 
J : GBs be . 
, 4 =o 37 
=s, 
Se 
fh - 
7 ) — fi STH? ‘ , ! 
» 
o 4 r ? . = a> a} re 4 emir 
} 7 ic SALRICY 
| 4 
; ; 2 - —_ 
3 2 Gg SJATeacyu 
i 
. t 7 : ’ na eet | i-+\ 
‘ j _ W530... sivas 4 4 
= i 
+ 
E a hoe bt & ote wel af —— —— dye tat 
a AILS Sh vod Mtl 5 © fi a ba 


* ° 


: vitnes: Ringhe « uv a9. s5ubo1@ tind? 3 ust Zz jo <> me ehity oA 

i ; : = i 

ia Y a 7 

a mtsae 29 comm age om 
7 . J j - lial 


» 


toi ae & * whee 


ACKNOWLEDGEMENTS 


I wish to express my gratitude to Dr. E. W. Toop for 
his guidance throughout the course of my research program and 
during the preparation of this manuscript. 

I would like to express my thanks to Dr. Wm. T. Andrew 
for his valuable suggestions given to me from time to time. Appreciation 
is expressed to Dr. S. Pawluk for allowing the use of the Atomic 
Absorption Spectrophotometer. I acknowledge gratefully the help 
of Mr. P. D. Yee in the mineral analysis of the plant material 
and that of Messers H. Welling and R. Woudstra in the greenhouse 
experiments. My colleagues Messers E. B. Casement, P. Fedec, 
D. Shaw, D. Skoye and Miss E. Kruchowski are thanked for their 
constructive criticism and valuable suggestions. 

The financial assistance from Alberta Agricultural Research 
Trust is gratefully acknowledged. 

Sincere appreciation is extended to my father, Mr. G. R. 
Kabu for his financial assistance which enabled me to come to the 
University of Alberta from my home in Kashmir and to him and other 
relatives for caring for my family in my absence. I also appreciate 
the patience shown to me by my wife, Asha and children, Indira 
and Rajesh during the course of this work. 

I would like to gratefully acknowledge the encouragement 
I received from my mother who, I regret to say, has recently departed 


from us while the latter portion of this work was being completed. 


ce s, ano’ . .4 26 of bbuviiders we eretTqxe oF GER 


: syoorq. dareeeot ya to Seton 9m Suorigi ould 

: - ji Fyn euinihe ahyit to 05 JetTagqstq oil? 
' ? - 
1 P pt A 

’ ot of etnpla oe aeatqxs on ol2l bivew tT ~ 

; f Z a 
o42 sm ot novito xndtieoseuve afdasiev efi 7 
t: gS CRDLEY SEF 


, ; ; ee? 
; be) ey off attk tie 203 Joivss .2@ ,7 o3 boeesiqx 7 


= * 2 
» etevinns Ietenim odd at e6k 
Phir f ris 2 sterest 


. . t * *. ha 
3 ae - h 
4 or Pas * ¢ .? t ne 4 
“ / rr ¥ = * & 
- Bit eo melotli irs 


: fwormtios yltotsd 

J Sita ms et Lisios toqn s716> 
s 4 7 ig vs e 3 o re Pr ys not 
7 tas > _ . ‘ it Oe » 


I6 , Ro! os; b F; = A feed ar a A cu eoxt. 5. 3 19 JLA to oto 4 evtat 


«& s 
. PA y v » ~_ 7 ry ? 3 : 7 ~ - ae ht 3 oo" 
ininvesweacs O8Ls 4 -S°ONSSaQB 4 mi Visme? Yl Fol g ses mais’ 


eo 
etibni .qexbiir® bus sdeA .siiw vn ya em oF snworle 9on6 ttBq 


beagsegeh yiine oer eet. + VRP a jampe1 2 i aii 

; betel qos. aaa aewn AoW ela Yo aok *0 7 9498 I of = is 

ys an 7 . ye 
poe a3 At a) 


TABLE OF CONTENTS 


INTRODUCTION 


REVIEW OF LITERATURE 


A. Magnesium deficiency 


1s 


Bs 


= 4 


Introduction 
Deficiency symptoms 
Occurrence of magnesium deficiency 


i. Inherent magnesium deficiency 


ii. Induced magnesium deficiency 


B. Potassium-induced magnesium deficiency 


C. Factors affecting magnesium deficiency 


pH 
Concentration 
Soil temperature 


Light intensity 


MATERIALS AND METHODS 


A. Experiment I. Effect of K-Mg antagonism on tomato 


plant growth, fruit yield and uptake of major 


cations. 

1. Experimental lay out 

2. Rating for symptom development 
3. Assessment of plant growth 

4. Analysis of the mineral content 
5. Evaluation of the fruit yield 


B. Experiment II. Influence of soil temperature and 


potassium fertilization on the uptake of the major 


cations by tomato plants 


Page 


Un 


10 


11 


Le. 


13 


13 


14 


15 


i Bs 


\ @FKRITHOD ae 
B ee 
<= 
te 
1 T Pa ve 
a s " 
re 5 > 
RAVIARITED YO We Srv 
y er, Pz 
k?eb su neangit wh 7 
1 a - oY 2 A 
Zout rani Pe | 
is as 
2 = 


iy 150 ie 

= t= 
rob mores srndel «2 ; 
. ee 

z ae he 

~ Plies ti oS 2% re 

= 


isrolish pulsongem beovied-mwkesnsat | ae 
‘Tl 
; < : 


5 


LJ 
. 
’ 

olsszineraw 
i 

; + SVs {2O0G 

5 _ 

vifenesakl adgid 

yin —a, F 
*) s a? Wie 

, ©. ¢romi- 

J 
= X 7o™ ee | g 
f - 


syo Val Ledivem x3, 

él nonqvloeveb- pogena 903. galgea; 
= ; : = = 

tf. iivots ingag Ree) Jaswenas aul a 


| “ gnegnos Tessas “Fe eta 


bjsty Jjoz2 ws a0 not soubevt 


ao the ; 
yea iice Io son 
ine 3 

, a 


ta sai ios one y wa) 


ete ie 


a 


C. Experiment III. Influence of light intensity and ES 
potassium fertilization on the uptake of major 
cations by tomato plants 17 
D. Experiment IV. Influence of magnesium deficiency 
on tomato yields as related to the stage of 
plant maturity 20 
RESULTS 
A. Symptoms of magnesium deficiency 
1. General symptoms Ze 
2. Influence of K-Mg antagonism on magnesium 
deficiency symptoms 22 
B. Influence of K-Mg antagonism on tomato plant 
growth and yield 
1. Influence on the growth of the plants 26 
2. Influence on the fruit yield 
i. Influence on the total fruit yield 28 
ii. Influence on the average weight of indivi- 
dual fruits 28 
iii. Influence on the total number of tomato 
fruits < 5h 
C. Influence of K-Mg antagonism on chemical content 


1. Magnesium 


i. Magnesium content of the indicator tissue 31 
ii. Magnesium as percentage of dry weight 34 
iii. Total magnesium uptake by the plants 37 


2. Potassium 
i. Potassium as percentage of dry weight a7 


ii. Total potassium uptake by the plants 37 


fuk 


Q hee - 
shiely elvse@od ma 
‘em aeeie 
_ 


® 


sea 


) | 


' 
G ¢atientlal 


¥ 


agnsitt: tl). (acy ere 
? ; = 
> 


3. Calcium 


Page 
i. Calcium as percentage of dry weight 41 
ii. Total calcium uptake by the plants 41 

D. Mineral content of tomato plants under various soil 
temperatures and potassium fertilization levels 44 

E. Influence of light intensity and potassium fertili- 
zation on the mineral content of tomato plants 47 

F. Influence of magnesium deficiency developed at differ- 

ent stages of growth in tomato plants 50 
DISCUSSION 53 


LITERATURE CITED 61 


ry a w - 
213 ASG. 


os 7 


- 
onal tnd 7 t 


1 go woliss a 


— 
seed 


7 eae 


aa 


a a 


odes 


Table 


LIST OF TABLES 


Potassium concentration (ppm) in soil under 
various treatments of Experiment II 7 weeks 
after transplanting 

Intensity of foliar symptoms of Mg deficiency 
under various concentrations of substrate 
magnesium and potassium 

Dry weight of tomato plants under various 
concentrations of substrate magnesium and 
potassium 

Tomato fruit yield under various concentrations 
of substrate magnesium and potassium 

Average weight of individual tomato fruits under 
various concentrations of substrate magnesium 
and potassium 

Number of tomato fruits produced per plant under 
various concentrations of substrate magnesium 
and potassium 

Magnesium content of indicator tissue in tomato 
plants under various concentrations of substrate 
magnesium and potassium. 

Magnesium content of tomato plants under various 
concentrations of substrate magnesium and potassium 
Total magnesium in tomato plants under various 


concentrations of substrate magnesium and potassium 


Page 


19 


25 


Zh 


29 


30 


32 


33 


35 


38 


t gols3e 20D ania - 


; ; one a oS oe —_— 
. = erk _- 
Seay , #25973 2u0rwsy 


t ~ Ld yw be a 4 
rai! taastas 
4 
<n ~« — - 7 
Z aise j*3s $89 weber 
7S 

— 

’ 


) 
x 
- 
c 
{ 
4. 
we 
in 
= 
s 
é 
2 
* 
¥ 
G 
uv 
7 


os | be 28) oF 


Py F - - oo 
’ rf ye es eter 
= a] 7s <4 4 avis q ' 


a Se ) ey Pe 


1 sieviedue to - 


: ~ >. Ty 4 
» i Ls ee : -—) 206 rat 
Ko 


. = 


dl it SeaE ps0: fate mute bl a 408 5 

eae : ae 
HIOTSIEY, WSO8b. eIne ‘toned Ja 4ns od aulnsngen ia 
ee.» | 
2 mulesejoq lou evlesnssn siartadue Au senetia 
y . > — 


zobay 2taalg, a Aged av eik 
: 


= i> = 


ws <s Bei _: 
+1 las 4 ght ; $872 adue st 
9 42k p ame 


: 7 
a ; e 


Table 


10. 


ae Be 


12. 


13. 


14. 


ae 


16. 


17. 


Page 


Potassium content of tomato plants under various 
concentrations of substrate magnesium and potassium 39 
Total potassium in tomato plants under various 
concentrations of substrate magnesium and potassium 40 
Calcium content of tomato plants under various 
concentrations of substrate magnesium and potassium 42 
Total cea cicn in tomato plants under various 
concentrations of substrate magnesium and potassium 43 
Mineral content of tomato plants under various soil 
temperatures and potassium substrate levels 45 
Influence of light intensity and potassium fertili- 
zation on the mineral composition of the indicator 
tissue of tomato plants 49 
Fruit yield as influenced by inducing magnesium defi- 
ciency at different stages of growth in tomato plants 51 
Tomato fruit yield as influenced by correction of 


magnesium deficiency at different stages of growth De 


a sant :bieies’ te sudo waa 


oljge seit 


es 


y a 6 5 At-s ' og Leet oe ate 
; \ F yy se Paty 
inaieo = 


LIST OF FIGURES 


Tomato plants growing under decreasing concentra- 
tions of magnesium 

A magnesium-deficient tomato plant showing inter- 
veinal chlorosis 

ee uptake in tomato plants as influenced | 
by K-Mg antagonism 

Magnesium content as percent dry weight of tomato 
plants grown under four substrate temperatures 
and two levels of potassium 

Calcium content of tomato plants under various 


soil temperatures and K-levels 


23 


24 


36 


46 


48 


o. \RERUOET Sm Tar 


ajid genbwore Yueiq- olanrat dnato) is h-aulesngem A 

c ) eteorolds:temiey 

| tasndulte? eo eneiy ofeRos mh stores ow! aaa. 

‘yi caine gems, atv 2 

OF Bix 1O Jk Low ovis Gaerpeey en Jme Jato mabpeorigeh a, 
15G434=3 $o5cadan rudd rated wey aomale 

WNiseas0G In eleavel od tas 7 


bv daony sagnlg otsding §o cepaeés eee 
- “a4 , a 


if 
q 


Volel ‘bic segesiadienes {toa 


INTRODUCTION 


Magnesium deficiency has been reported on a wide range 
of crops under field conditions. In greenhouses it has been 
observed with considerable frequency on crops such as tomatoes, 
cucumbers and chrysanthemums. At Medicine Hat, Alberta tomato plants 
showing characteristic symptoms of magnesium deficiency were observed 
in the Pome reese 

It is natural to expect magnesium deficiency to occur 
on soils low in exchangeable magnesium, but, it is not infrequent 
to observe it even when the soil magnesium is considered adequate. 
This latter situation is encountered more often under greenhouse 
conditions than under field conditions and is believed to be induced 
by the relatively high levels of potassium usually maintained in 
greenhouse soils. Many references have been made to the aggravation 
of magnesium deficiency by potash fertilizing especially in recent 
Years (3, 18, 43, 44). 

Suprisingly, not much attention seems to have been paid 
to the extent to which poeass tumeinduced magnesium deficiency can 
affect the growth, yield and mineral composition of susceptible 
crops. The object of this study was to investigate this in regard 
to greenhouse tomatoes and to relate this information to the established 
levels of magnesium in the indicator leaves believed to be adequate 
for optimal growth and yield. 

The literature was found to provide very little information 
on the possible influence of soil temperature and light intensity 


on the magnesium deficiency induced by potassium fertilization. 


res 
f 


; | 7 a : 


. =— - 


. ; : a ; bat = io d 
sivaidsatn Hbheos tip tinal ‘aeons Ke 


‘ 
=. > 


2 | ) » . anon ayhw wvise ; 
4 berm evedmoous 


| . yee Sjoarmis galvod 
evodinoe tg ott ml 
‘1 IRR abst = 

4b 


- 


ae 
at wot elbow ae 


> 


ory “svg I t ‘avteed a @3 
the wexjal ate 
(Th) 


col : isbau melt mpohsi bare 
; f I |, (2s boa 


ext ylovigales edd 


- 
—_ 
€ 
2 
& 
Lad 
- 
sé 
= 


~ «* af ; 

> ,Minelelsqe 
“a 
~ 


P tely - . Lcureaq tics oy 293%5 ms 
7 7 ~ 4 a 


i ‘ a sft) i, i's 4 i fy 6 : 
& ; S91Y ,IWOTR a 
. 
=i 


+ 5 ey * ¢ ' ; | « 
t 2. aed So, l aiid 30 toetdo af 
F 2) «91 j ; j ‘ i; ‘ « ~~ —_ 
bt od S76 FEeodunes aaued | ©! 
Fs vodmooIy t 
j M - ¥ 


P p 1 “ } t 
) it) ave i ci 4s ey f : 2,415) my 4 , 
ad A j ae = id i 


« Wh nl selesegna te clove: 
on ih 


? : 4 . 7 — *. «5 v i. 
7 -bigiy Dee Hiwory fom “fo 30. 
e a wg ‘ > a 
} a | > A ‘ bie Fel he The J fe g wi aw, o — 
0 nerrednd efsail vow gi tyetq oo bruek ep oyus we L odT 


TE Ee ee yD Ta 
{ esi 7 bas ; wanragass i; al 10 ‘snot: % ‘et 
os a * ede ™ ® j _ - ms mn a 5 


a” a wy <i fy" 


That soil temperature would have a possible role in aggravating the 
problem was suggested by the fact that magnesium deficiency occurs 
more commonly on warm crops than on cool crops. Results of Winsor 
et al. (46) who obtained a significant yield response with magnesium 
applications on magnesium-deficient tomato plants in only one out 

of four years and that the one year coincided with a particularly 
sunny season, suggested a possible role of light intensity. These 
facts led to the inclusion of this aspect in these investigations. 

It is claimed that magnesium deficiency can be readily corrected 
by occasional foliar spray applications of a magnesium salt. However, 
in view of the time and labour required such spray treatments are 
not popular with growers. It was thought worthwhile to include 
in the investigations an experiment to determine the stage or the 
stages of growth when the correction of magnesium deficiency could 


be postponed without any appreciable loss in tomato fruit yield. 
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REVIEW OF LITERATURE 


A. MAGNESIUM DEFICIENCY 


1. Introduction 

Magnesium has been known to be essential for plant growth 
for a long time. Experiments conducted as early as 1849 and 1851 
by Salm-Horstmar (in McMurtrey, 30) indicated that magnesia is one 
of the necessary ash constituents and in its absence plants are 
weak-stemmed with only the first three leaves having normal green 
color. The field deficiencies of this element, however, were 
not recognised until 1923 when Garner, McMurtrey, Bacon and Moss 
reported such deficiency symptoms (in Stewart, 36). They established 
that the condition known as sand drown in tobacco is caused by a 
deficiency of magnesium. Since that time there have been numerous 
reports of magnesium deficiency on a vast variety of crops from 
many parts of the world. Jacob (22) has reviewed a considerable 
volume of literature regarding the occurrence of magnesium deficiency 


on various crops. 


2. Deficiency symptoms 


The visual symptoms of magnesium deficiency have been 
described and illustrated by Embleton (11), Jacob (22), Sprague (34) 
and many others. As a general rule the most common symptom of 
magnesium deficiency in green plants is extensive intervenal chlorosis 
of leaves. It is first apparent on the basal leaves and as the 
deficiency becomes more acute the yellowing progresses towards the 


younger leaves. Chlorosis is often followed by the appearance of 
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anthocyanin pigments and following this necrotic spotting may 

occur. Occasionally the leaves curl upwards resulting in a puckered 
appearance (26). In severe cases the leaves fall off or die pre- 
maturely but remain attached to the plant as in oil palm (11). 
Mulder (31) observed that apple trees, variety Cox's Orange Pippin, 
with many fruits, had less leaf cast than those with only a few 
fruits. He explains that fruits act as a water reservoir for the 
leaves. The leaves suffering from a magnesium deficiency show 

an increased transpiration rate and cannot withstand a hot dry day 
without getting necrotic spots and falling. 

The literature does not provide much reference to the 
symptoms as they occur on fruits. According to Woodbridge (47) 
apple fruits do not show any visual symptoms except for being 
small in size. However, under acute deficiency of magnesium the 
fruits may fail to ripen normally on the trees, are small, poorly 
colored and lacking in flavor (11). 

The roots of magnesium deficient plants of tobacco are 
long, little branched and slimy in appearance. In the tomato 
plants as well, magnesium deficiency results in long roots with 
few branches (11). Reduction in the number of roots has also 
been observed by Laurie and Wagner (26) in geraniums. 

Laurie and Wagner (26) have observed the magnesium 
deficiency in primroses to result in flowers which are poor in 
size, color and quality. 

Seedless varieties of citrus are less susceptible to 


magnesium deficiency than those varieties which have seeds (11). 


Camp explains this on the basis that the seedless varieties produce 
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a more vigours root system with more ability to collect magnesium 
(5). 

Varietal differences in the susceptibility to magnesium 
deficiency has also been observed by Woodbridge (47). The Jubliee 
and Newton apple cvs are more prone to show symptoms than the 
McIntosh, Jonathan and Rome Beauty. The Delicious and Winesap cvs 
seldom show leaf blotch, the characteristic symptom of magnesium 


deficiency in apples. 


3. Occurrence of magnesium deficiency 
i. Inherent magnesium deficiency 


Magnesium deficiency is generally encountered on coarse 
textured soils of humid regions (11, 37). These soils normally 
contain inadequate amounts of exchangeable magnesium which are 
easily leached under heavy rainfall (33). On such soils the deficiency 
is usually less pronounced in years of low precipitation. 

Besides the permeability of soil, the soil reaction 
is an important factor determining the extent of magnesium leaching. 
Because magnesium goes into solutions to a greater degree in acid 
soils than under neutral or alkaline conditions it is more strongly 
leached out under acid condition (11). Nevertheless magnesium 
deficiency has been reported on alkaline soils by Heymann-Horschberg 
is Isreal (11). Woodbridge (47) reported deficiences in apple 


orachards of British Columbia on soils ranging in pH from 4.9 to 8.2. 


ii. Induced magnesium deficiency 


Apart from inherent deficiences the supply of magnesium 
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to the crop can be seriously affected by the application of other 
nutrients. In the plant tissue the concentration of the nutrient 
ions does not change in a singular or an isolated manner. A change 
in the concentration of one ion is invariably accompanied by secondary 
changes in the tissue content of other dissimilar ions even when 
their supply remains unchanged (45). Ion interaction, as it is 
commonly known, has been defined by Emmert (13) as the enhancing 
or the depressing influence of one ion in a tissue on the accumulation 
of other ions of dissimilar species in that tissue. The interaction 
of ions involving the depressing influence of one ion on the other 
is often referred to as ‘ion antagonism’ and Jacob (22) defines it 
as the frequently observed phenomenon whereby the uptake of an ion 
by the plant is inhibited due to the increased supply of other 
ions. This may be a result of the soil processes or the influence 
of the plant itself. The deficiency of a nutrient in a plant resulting 
from ion antagonism is usually referred to as ‘induced deficiency’. 

| Cain (4) observed that one ion has little, if any, direct 
effect on the total absorption of another ion by a tree although 
the percentage composition of one ion may be decreased by the application 
of another if its rate of absorption does not keep pace with the 
rate of growth stimulated by the added ion. Emmert (12) distinguishes 
true inter-ion influences-from other sundry phenomena not involving 
inter-ion forces but which nevertheless produce statistically 
significant interaction. Apparent ion-interaction can result from 
the dynamic influences of an added element like nitrogen on plant 


growth; the increased tissue volume resulting in a dilution of other 


elements in the tissue. 
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Welte and Werner (44) differentiate between the physico- 
chemical cation interaction and the specifically physiological 
antagonism. The physico-chemical Donnan laws govern the exchange 
adsorption of magnesium and other cations at the sorption complex 
of the soil and the sorption sites in the 'free space' of the 
plant root. In the magnesium deficient soils of high sorption 
capacity having the magnesium ions intensely bound, an application 
of potassium can AEE SS the magnesium supply to the plant by releasing 
some of the bound magnesium ions. However, in coarse soils low 
in sorption capacity this displacing action of potassium actually 
reduces the magnesium supply to the plant by promoting the leaching 
of this element. The physiological antagonism is based on the ion 
competition for the sorption sites of the organic structures functioning 
as the 'carrier' molecules in the process of active cation uptake. 

According to Jacob (22) the difference in the speed of 
diffusion can cause certain ions with high mobilities to enter 
plant cells perferentially thereby disturbing the equilibrium. 

The ions entering more quickly make the entrace of comparatively 
slowly moving ions more difficult. 

In the plant the magnesium ion is exposed to a whole series 
of antagonism with calcium, hydrogen, ammonium, manganese and, most 


important of all, the potassium ion. 


B. POTASSIUM-INDUCED MAGNESIUM DEFICIENCY 
The statement by Boynton and Burrell (2) "------------- it 
is interesting that the published experimental work on magnesium 


deficiency and its control in apple orchards of England, New Zealand, 
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Canada and Massachusetts has followed a period of three or more 
years during which potassium fertilization has become a rather 
common practice in these areas ------ " indicates the importance 

of potassium fertilization to the occurrence of magnesium deficiency. 
The symptoms of magnesium deficiency in plants have been observed 

as a result of heavy potash fertilizing, despite an apparently 
adequate concentration of this element in an easily available form 
in the soil (3, 40). The references to the aggravation of magnesium 
deficiency by potash fertilizing occupy quite a sizeable space in 
the literature. 

It was in the late 30's of the present century that the 
accentuating effect of potassium on magnesium deficiency was first 
pointed out by investigators such as Kidson, Southwick and Wallace. 
Drosdoff and Kenworthy (10) suggest that the severity of magnesium 
deficiency in some Florida orchards could have resulted from previous 
applications of approximately five tons of tung hulls per acre 
wiichewseTd have contained upto 3.5 % K,0. They further found lesser 
response to epsom salt when this was applied with potassium fertilizers. 
Prince et al. (32) found that the most important single factor influencing 
the magnesium uptake of plants is the quantity of potassium that is 
available for their use. When potassium is in abundance the magnesium 
content of the plants is low. 

Walsh and O'Donohoe (40) recommended that the potassium/ 
magnesium ratio of both the plant and the soil merit attention when 
attempting to account for the development of magnesium deficiency. 

The wider the ratio in each case the greater the tendency towards 


its development. Van Der Boon et al. (38) observed that magnesium 


ars 3. , Hy i aor sie? misasoq ‘ 
weet Agne } ere i sbeonnet 3 nergy as F 


a . +4 
932 a me | to Hlegey se & 
ai e /y 
i» eid "Yo qolstas7Hee 709 S22Up9 ¥ 
r ; j ! — ‘ (Os _f Stow nig 


toq yd eer 


1 
“© 
bi 
asain? 
r] ~ ba” 
‘ , Fi a ai 
. ‘le golveudasa 
nda 4% r ‘ of 
' ‘ 
7 ~ 
“ ~ i 
i i ’ ic 
: 2f2Le30Go § 
; 
} 3I beat 
d —_ a’ 
4 
' ¥ ‘ . o3 ae 
. 4 62%) 
, ; ~ bev Vie 


. «WOOL ar e2nnl iq: 
\avtaenseq ofz aedd bebasaenoye: (09) satteneeD ba & nate : 


a) 7 ary an "o: 7 2 i oP t 1 i) te sa). ania 4 Ay wind i Ce Ou 7 Saul 


stigay Yo PiempilLevah- sdy roti os taqme2s 
- 7, ae 


. 


- Bert's ih mite 
a ee A 7 : Te ‘te 

MAD ous oes Sery sly 28h> hoes > nt otaay 
7 a i P ‘y co 7 / 

. ny - : ae 7 

y hevisudo (80) .ta oe sont aT ev toon 

: i air. ——<— ie ms Peery. 1 he 

: y 7 * +, 

; “a A 


i: 


deficiency was most closely related to the K/Mg ratio both in soil 
and foliage. They claim that no magnesium deficiency symptoms will 
occur in apples when the K,,0/Mg0 ratio in soil is less than 0.6 
or less than 6 in the leaf. According to Chapman (7), Bingham et al. 
found that potassium-induced magnesium deficiency occurred on orchard 
soils of Florida where the ratio of exchangeable potassium to 
magnesium exceeds 0.5.Welte and Werner (44) have reported that 
ee ee ee deficiency symptoms can occur in arable 
crops if the K/Mg ratio exceeds about 15-20, provided that the absolute 
magnesium level of the plant is relatively low. McColloch et al. 
(29) report that an exchangeable-K/Mg value greater than 0.4 to 
0.5 is suggestive of magnesium deficiency. Branson et al. (3) 
claim that soil K/Mg ratios greater than 0.5 have been associated 
with magnesium deficiency. McColloch et al. (29) found that when 
the exchangeable-K/Mg ratio of soil was used to describe the magnesium 
content of the foliage, 83% of the variance in the leaf magnesium 
was related to the variance of the exchangeable-K/Mg ratio of the 
18- to 30-inch soil depth. | 

Salmon (33) reports that the glasshouse and the horticultural 
crops have suffered from magnesium deficiencies and usually such 
deficiences have been associated with large potassium dressings. 
Ward and Miller (43) indicate that the magnesium deficiency associated 
with the excessive use of potash fertilizers is particularly noticeable 
in greenhouse vegetables such as tomatoes and cucumbers. Branson et al. 
(3) reported the occurrence of potassium-induced magnesium deficiency 


at several commercial greenhouses in the San Francisco Bay Area. 
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C. FACTORS AFFECTING MAGNESIUM DEFICIENCY 
Lee DEL 
The magnesium content of plants is affected both by the soil 
pH and the available potassium. Adams and Henderson (1), however, 
found that the effects of the two factors on the magnesium content 
of the plants were independent of each other. The magnesium content 
of plants at deficient potassium levels was greater than at adequate 


potassium levels for the same soil, regardless of the soil pH. 


2. Concentration 

According to Welte and Werner (44) magnesium deficiencies 
will occur only where soil magnesium is at deficiency levels and 
only under those circumstances will generous potash dressings have 
an aggravating effect. Adams and Henderson (1), however, found that 
the effect of potassium on magnesium content of plants was generally 
greater on magnesium-sufficient soils than on magnesium-deficient 
soils. Ward and Miller (43) were not successful in producing the 
symptoms of magnesium deficiency in tomatoes by the application of 
excess potassium. It resulted in a high potassium content in 


leaves but the magnesium content was not depressed. 


os) 15011) temperature 


The data presented by Del Valle and Harmon (9) indicate 
an increase in the uptake of magnesium by turnips with increase in 
soil temperature up to a maximum at 65 to 75 F. With further increase 
in the temperature to 85 F there is a fall in the magnesium uptake. 


Lingle and Davis (27) found that the magnesium uptake in tomatoes 
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increased with an increase in soil temperature from 50-55 to 70-75 F 
and then remained relatively the same at 80-85 F. However, potassium 
continued to increase over the entire range of soil temperatures 

from 50-55 to 80-85 F. Cannel et al. (6) did not get any significant 
effect upon the uptake of magnesium in tomatoes over a soil temperature 
range of 54 to 96 F. Potassium, however, increased with the increase 


in temperature, the effect being curvilinear. 


4. Light intensity 


Winsor et al. (46) obtained a significant yield response 
with magnesium applications on magnesiun-deficient tomato plants 
in only one out of four years, but, that one year coincided with a 
particularly sunny season. They suspect some relationship to 
exist between magnesium deficiency and light intensity because 
chlorosis has often been observed to be more severe in greenhouses 
on plants adjacent to the glass. No other evidence confirming or 


refuting this contention was found in the literature. 
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MATERIALS AND METHODS 


A. Experiment I. Effect of K-Mg antagonism on tomato plant 
growth, fruit yield and uptake of major cations 
I. Experimental lay out 


One hundred forty four tomato plants, cv Michigan-Ohio 
Hybrid were grown in individual 20 cm plastic pots using perlite 
as a growth medium. The seeds were obtained from Stokes Seeds Limited, 
St. Catherines, Ontario. Three seeds were sown per pot and allowed 
to germinate in the perlite moistened only with distilled water. 
After germination the seedlings were thinned to one only per pot. 
Care was taken to ensure retention of seedlings of comparable vigor. 

The seedlings were watered as needed with distilled water 
and fed weekly with nutrient solutions. The nitrate-type standard 
nutrient solution as used at Long Ashton (16) including the minor 
elements as per the recommendations of Hoagland and Arnon (17) 
was prepared with variations in the potassium and magnesium levels 
as required by the various treatments. Potassium and magnesium 
were applied at two and six levels, respectively. The levels for 
potassium were 4 meq and 12 meq per liter of nutrient solution and 
the levels for magnesium were 0.125, 0.25, 0.375, 0.50, 1.5 and 
3.0 meq per liter. This resulted in twelve treatments. Using two 
plants per treatment the twelve treatments were randomized. The 
experiment was laid out in the greenhouse in a simple factorial 
design with six replications. The pH of the nutrient solutions 


was 5.1+ 0.1. 
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Pe Rating for symptom development 


A point system for rating the plants was arbitrarily devised 


to represent the severity of symptom development. The grades used 


were: 
No chlorosis 0 
Traces a 
Mild 2 
Moderate 3 
Severe S 
Extreme 5 


Nine weeks after the emergence of the seedlings, when the 
symptoms were fully developed, three persons were requested to grade 
the plants. They graded them on the same day but independently. 
To prevent bias on the part of the judges, labels depicting the treatment 
of each pot were replaced with code numbers. The six grades awarded 
per treatment per replication were averaged and the results subjected 


to the analysis of variance and the Duncan's miltiple-range test (35). 


3. Assessment of the plant growth 


Plant growth as influenced by the various treatments was 
assessed on the basis of dry weight production. One plant per treatment 
within each replication was harvested eleven weeks after the emergence 
of the seedlings and was separated into roots, stem and leaves. 

These were washed and dried in a forced-draft oven at 70 C. The dry 
weights were recorded and the average weight per plant calculated 
and subjected to statistical analysis (35). The average of six 


replications is recorded as the dry weight per plant for each of the 
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twelve treatments. 


Each dried sample was ground in a Wiley mill to pass a 
60 mesh screen. The ground sample was homogenized by means of 
thorough mixing. A weighed quantity was ashed in a muffle furnace 
and the minerals extracted according to the procedure outlined by 
Ward and Johnston (42). The extracts were analysed for calcium, 
magnesium and potassium on a Perkin Elmer Model 303 Atomic Absorption 
Spectrophotometer. 

The spectrophotometer was set and operated as per the directions 
supplied with the instrument. Standard solutions with concentrations 
of 0.0 (blank), 0.25, 0.50, 1.0, 2.0 and 2.5 parts per million for 
magnesium and 0.0 (blank), 1, 2, 4, 8 and 10 parts per million for 
calcium and potassium were used for plotting the standard curves 
each time samples were analysed. The standard solutions of the above 
Gencentrations were prepared from the certified atomic absorption 
standard reference solutions for the respective elements supplied 
by the Fisher Scientific Co., ie ecchwiine Wandkion. Fair 
Lawn, New Jersey, U.S.A. 

The plant tissue extracts were diluted with known volumes 
of distilled water so that the concentrations of the resulting solutions 
fell within the concentration range of the standard solutions. 

From the value obtained in terms of parts per million of the element 
in the diluted solution, the original concentration as percertage 
of dry weight was calculated. The average of six replications (6 
plants ) is reported as the concentration of the particular element 


in the part of the plant under investigation. 
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The data were subjected to analysis of variance and Duncan's 


multiple-range test (35). 


5. Evaluation of the fruit yield 


After the harvest of one plant per treatment within each 
replication for the assessment of the growth and the mineral analysis, 
there still was left one plant per treatment replication which was 
allowed to mature and produce fruit. The plants were topped above 
the third truss and trained to a single stem. The fruit was allowed 
to set and was harvested as it matured. Records were maintained 
for the total quantity and the number of fruits harvested from each 


treatment. 


B. Experiment II. Influence of soil temperature and potassium 
fertilization on the uptake of major cations 


by tomato plants 

Four water tanks with mechanical temperature controls and 
each having eight holes large enough for the insertion of 25 cm - 
pots up to the rim were installed in the greenhouse. These tanks 
were used for the investigation of the influence of soil temperature 
and potassium fertilization on the mineral uptake by tomato plants. 

Thirty two plastic: pots of 20 cm size were filled with 
perlite and moistened with distilled water. The seeds of tomato, 
cv Michigan-Ohio Hybrid, obtained from Stokes Seeds Ltd., 
St. Catherines, Ontario, were sown at the rate of three to a pot. 
After emergence only one seedling per pot was retained. Care was 


taken to ensure that the seedlings retained were of comparable size 
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and vigor. 

After seed germination each pot was fitted into a 25 cm 
plastic pot having drainage holes plugged by rubber stoppers of 
appropriate size. The inner pot rested on the ends of those rubber 
stoppers thereby providing for limited drainage. The outer pot 
also formed a water-proof jacket for the inner pot in which the 
seedling was growing. The rubber stoppers prevented the escape of 
nutrient solution into the tank and the entrance of tank water into 
the treatment solution. 

The temperature of water in the four tanks was set at 12.8, 
18.3, 23.9 and 29.4 C respectively and maintained within a range 
of + 1C. Eight plants in as many pots were raised under each of 
the four substrate temperatures. 

The plants were watered as needed with distilled water and 
fed weekly with nutrient solutions. The nitrate-type standard 
nutrient solution as used at Long Ashton (16) including minor elements 
as per recommendations of Hoagland and Arnon (17) was prepared 
with variations in the potassium levels as required by the two 
potassium treatments. Half of the number of plants under each 
substrate temperature received potassium at the rate of 4 meq per 
liter of nutrient solution. The other half received it at 12 meq 
per liter. For each of these eight substrate temperature x potassium 
concentration treatments there were four plants. 

Eleven weeks after emergence the plants were harvested. 
These were washed and dried in a forced-draft oven at 70 C. 

Each dried sample was ground in a Wiley mill to pass a 
60 mesh screen. The ground sample was homogenized by mixing it 


thoroughly. A weighed quantity of the homogenized sample was 
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ashed and the extract made according to the procedure given by 
Ward and Johnston (42) 

The ash extracts were analysed for magnesium, potassium and 
calcium on a Perkin Elmer Model 303 Atomic Absorption Spectrophotometer. 


The procedure followed was the same as described under Experiment I. 


C. Experiment III. Influence of light intensity and potassium 


fertilization on the uptake of major cations 
by tomato plants 
Tomato seeds of cvs Tuckqueen and Michigan-Ohio Hybrid were 
obtained from Stokes Seeds Limited, St. Catherines, Ontario. These 
seeds were sown and allowed to germinate in the greenhouse. After 
emergence the seedlings were transplanted into flats. Seven weeks 
after transplanting thirty six seedlings of each variety were planted 
singly in 20 cm plastic pots filled with a well blended soil 
mixture of 2 parts soil to 1 part each of sand an peat. Care was 
Peete ensure that the seedlings transplanted were of comparable 
size and vigor. 
Plants of each variety were raised under two levels of light 
and two levels of soil potassium for a total of eight treatments. 
Each treatment was replicated three times with a total of nine 
plants (3 plants/replication). Within each replication the treatments 
were randomized. 
Two greenhouse compartments were selected which had reasonably 
similar environments except for light. In one compartment the day 
light penetrated the glass directly while the other compartment 


was naturally shaded by adjacent tall buildings. Half of the number 
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of plants of each variety were grown in each of the compartments. 
Eight weeks after the experiment was begun all the plants were shifted 
into one compartment. Reduction of light was achieved by shading 
with two layers of cheese cloth. This enabled the plants growing 
under two levels of light intensity (shaded and not shaded) to get 
a more uniform environment with respect to temperature, humidity 
etc. Light intensity readings in foot candles were taken thrice 
daily at 9 A.M., 1 P.M., and 3 P.M. The intensity of light under 
low light averaged over the period of growth was 444, 862 and 

587 foot candles at 9 A.M., 1 P.M. and 3 P.M. respectively. The 
corresponding averages under the 'high-light' intensity were 807, 
2624 and 1675 foot candles respectively. 

Standard soil analyses* were run on the soil mixture prior 
to potting the seedlings. The available potassium was reported as 
10 parts per million in the soil mixture extract. All plants were 
fertilized similarly in respect to all essential nutrient elements 
except potassium. Potassium was applied as potassium sulphate and 
varied according to the treatment to enable maintenance of a 'low' 
and a 'high' level of potassium for each variety of tomatoes under 
each light intensity level. The plants were fertilized 5, 9 and 11 
weeks after transplanting. A sample of the soil medium for analysis 
was taken seven weeks after transplanting. Soil samples were taken 
from each pot and grouped according to the treatments. These were 
submitted for analysis to the same laboratory referred to earlier. 
The potassium levels after seven weeks under the various treatments 
are reported in Table I. | 

The plants were sampled for foliar analysis 8 and 14 weeks 


after transplanting. The tissue samples consisted of the fifth 


* Agricultural Soil and Feed Testing Laboratory, Edmonton, Alberta. 
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Table 1. Potassium concentration (ppm) in soil extract* under 


various treatments of Experiment III, 7 weeks after 


transplanting 
Treatment 
Variety Potassium Light Available-K (ppm) 
Tuckqueen Low Low es 
Michigan-Ohio Hybrid Low Low 12 
Tuckqueen Low High 16 
Michigan-Ohio Hybrid Low High 12 
Tuckqueen High Low 40 
Michigan-Ohio Hybrid High Low 34 
Tuckqueen High High BY 
Michigan-Ohio Hybrid | High High 36 
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* 5 g soil extracted with 25 ml 0.025 N acetic acid (Spurway method). 
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leaves from the growing tips and included both rachis and the lamina 
(a0, 41, 43). 

Leaf samples from the plants receiving the same treatment 
were grouped together each time the sampling was done. These were 
washed with distilled water and dried in a forced draft oven at 
70 C. The dried samples were ground in a Wiley mill, mineral 
extract prepared and analysis for magnesium, calcium and potassium 


performed as per the procedure previously outlined under Experiment I. 


D. Experiment IV. Influence of magnesium deficiency on tomato 


yields as related to the stage of plant maturity 


Seventy two plastic pots of 20 cm size were filled with perlite 
moistened with distilled water. Tomatoes cv Michigan-Ohio Hybrid, 
were seeded in these at the rate of three to a pot. The seeds 
were obtained from Stokes Seeds Limited, St. Catherines, Ontario. 
After germination only one seedling per pot was retained. Care was 
Sele select seedlings of comparable size and vigor. 

The plants were watered as needed and fed with nutrient solutions 


every week. Two types of nutrient solutions were prepared as follows: 


1. Normal solution: Nitrate-type standard nutrient 
solution as used at Long Ashton (16) with the minor elements provided 


according to the recommendations of Hoagland and Arnon: (17). 


2. Mg-deficient solutions: Same as solution 1 (normal solution) 


but containing no magnesium salts. 


The experiment included 12 treatments replicated six times. 
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Within each replication the treatments were randomized. 


treatments are outlined below: 


Type of nutrient solution fed 


Treatment 

No. 
L. No.1 
Zs No. 1 
3. No. 1 
4 No. ol 
ay eNoceL 
6. Nosad 
he No. 2 
8 No. ~2 
9 NOs ae 

10. No. 2 
Lis No. 2 
2 No. 2 
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for 


for 


for 
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Lirst 


first 


finse 


aire 


first 


week followed by No. 


3 weeks followed by 
5 weeks followed by 
7 weeks followed by 


9 weeks followed by 


full experimental period 


figse 


anes 


first 


first 


first 


week followed by No. 


3 weeks followed by 
5 weeks followed by 
7 weeks followed by 


9 weeks followed by 


2 


No. 


No. 


No. 


No. 


1 


No. 


No. 


ay 


The 


thereafter 


2 thereafter 


2 thereafter 


2 thereafter 


2 thereafter 


thereafter 


1 thereafter 


1 thereafter 


No cack thereafter 


No. 


the full experimental period 


1 thereafter 


The plants were topped above the third truss and the fruit 


in these trusses allowed to develop. 


weeks after transplanting. 


as yield under each treatment. 


The fruit was harvested 20 


The average of six replications is reported 


of variance and Duncan's multiple-range test’ (35). 


The data was subjected to analysis 
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RESULTS 


A. Symptoms of magnesium deficiency 
1. General symptoms 


The visible symptoms of magnesium deficiency were first 
apparent about two weeks after the emergence of the seedlings. The 
magnesium deficient plants showed a restricted growth (Fig. 1). 
Within limits an ane in the concentration of magnesium in the 
nutrient solution resulted in an increase in the size of the plants. 

The characteristic symptom of magnesium deficiency was the 
development of inter-veinal chlorosis (Fig. 2). The area around 
the veins remained green but the leaf tissue between the veins 
turned yellow. Under continued magnesium deficiency the leaves 
turned brown (necrotic) and were shed prematurely. 

The deficiency symptoms were invariably more pronounced 
on the older leaves than on the younger leaves. In severe cases 
all older leaves towards the base of the plant were shed prematurely; 
the newly formed leaves at the tip continued to be green whilst 
the leaves along the middle of the stem were pale and often showed 
purplish coloration. 

The deficiency of magnesium severely restricted the root 
growth. The roots of magnesium-deficient plants were short and 


sparsely branched. 


2. Influence of K-Mg antagonism on magnesium deficiency 
symptoms 


The severity of the symptom development on the leaves, under 


each treatment, is indicated in Table 2. Under both levels of 
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Fig. 1. Tomato plants growing under decreasing concentrations of 
magnesium (left to right, 3.00, 0.375, 0.250, 0.125 and 


0.00 meq/liter). 
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Fig. 2. A magnesium-deficient tomato plant showing inter-veinal 


chlorosis. 
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Table 2. Intensity of foliar symptoms of Mg deficiency under various 


concentrations of substrate magnesium and potassium. 


Treatment *Index of symptom development 

(meq Mg ‘/liter) ROSE itee We Moree Ritter « 
0.225 eh. 230eE 5.94 ef 
0.25 | 3447,«de Seo) cd 
0.375 2501 wh Dein OC 
0.50 2.25 bd 2. Dot D 
1.30 0.42 a 0.20 a 
3.00 0.36 a OoZ00 ba 


* Rating for chlorosis (5 = Extreme, 4 = Severe, 3 = Moderate 


2 


Mild, 1 Traces, 0 = Nil). 
# Within or between columns figures not followed by the same letter 
are significantly different from each other (P = 0.05) according 


to Duncan's multiple-range test. 
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potassium nutrition the symptoms decreased with increasing concentrations 
of magnesium in the nutrient solution. Virtually no symptoms developed 
when the magnesium concentration in the nutrient solution was maintained 
at 1.50 meq or higher per liter. 

The analysis of variance indicated that the substrate 
concentrations of magnesium have a highly significant influence 
on the development of foliar symptoms. Neither the potassium 
nutrition, nor its interaction with magnesium appeared to affect 
symptom development. Duncan's multiple-range test showed no significant 
difference in the symptom expression under the two potassium levels 
of nutrition at any of the magnesium concentrations in the nutrient 


solution. 


B. Influence of K-Mg antagonism on tomato plant growth and yield 
1. Influence on the growth of the plants 


The average dry weights of the eleven eK old plants obtained 
from Phe various treatments are given in Table 3. Maximum growth, 
measured on the dry weight basis, was obtained under the lower level 
of potassium at a minimum magnesium concentration of 0.375 meq per 
liter of nutrient solution. Comparable growth under the higher 
potassium level was not obtained till the magnesium concentration 
as 0.50 - 1.50 meq/liter of nutrient solution. 

Statistical analysis revealed a highly significant influence 
of magnesium nutrition on the dry weight production. The potassium 


nutrition and its interaction with magnesium, also affected significantly . 


the dry weights of the plants. 
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Table 3. Dry weight of eleven week old tomato plants under various 


concentrations of substrate magnesium and potassium 


Treatment Dry weight per plant ( g ) 

(meq Me */liter) 4 meq K'/liter 12 meq K'/liter 
OF125 # 4.36 a onde ba 
De2o G94 7b 7.44 a 
0.375 0005 6.92 a 
0.50 15-26/5..c 124.67. be 
1.50 16.06" ¢ Lo.20 ec 
3 00 16207 “c 15750 5Ge 


* Within or between columns figures not followed by the same letter 
are significantly different from each other (P = 0.05) according 


to Duncan's multiple-range test. 
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2. Influence on the fruit yield 
i. Influence on the total fruit yield 


The average total fruit yield per plant is given in Table 4. 
The analysis of variance showed a highly statistically significant 
influence of both magnesium and potassium nutrition and their interaction 
on the fruit yield of the plants. 

The fruit production increased with increase in the substrate 
magnesium eoncceereren irrespective of the potassium level. The 
maximum yield, under the low level of potassium is obtained at a 
minimum magnesium concentration of 0.50 meq/liter. Comparable 
yield under the high level of potassium is obtained at a minimum 
level of 1.50 meq magnesium per liter. 

At substrate magnesium levels of 1.50 meq per liter and 
at concentrations lower than that, the fruit yeild showed a trend 
towards being less under the higher level of potassium than under 
the lower level. However, these differences were statistically 
significant only at substrate magnesium levels of 0.375 and 0.50 


meq/liter. 


ii. Influence on the average weight of individual fruits 


The average weight of the harvested fruits under the various 
treatments is given in Table 5. Statistical analysis shows that 
there is a highly significant influence of magnesium nutrition on 
the average weight of the individual fruits. 

The average weight of the individual fruits is significantly 


less at the lowest magnesium concentration in the nutrient solution 


as compared to that at the highest magnesium concentration. Under 
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Table 4. Tomato fruit yield under various concentrations of 


substrate magnesium and potassium. 


Treatment Average frutt yield per plant ( g ) 

(meq Mg’ /liter) 4 meq K'/liter 12 meq K' /liter 
0 eh ip a) | * 254.8 a 241.8 a 
are 936520 70C 316.5 b 
0.375 394.5 d 341.3 be 
0.50 574.0 e 372.0 €a 
100 Bide 545 .é 
3.00 567.5 e 518255 +e 


i 


* Within or between columns figures not followed by the same letter 
are significantly different from each other (P = 0.05) according 


to Duncan's multiple-range test. 
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Table 5. Average weight of individual tomato fruits under 


various concentrations of substrate magnesium and 


potassium. 
Treatment Average weight of individual fruit ( g ) 
ee See healed sa eel en ee alice 2 BDC tia a Rested 

(meq Mg /liter) 4 meq K' /itter 12 meq K’/liter 

Oei2o * 38.60 a 48.20 b 

0.250 48.48 b baa. cd 

e315 54.48 be 305 Lie De 

0.50 69 25500 a) 2.0Le be 

1.50 59 42 ic 56,62 5 be 


3.00 61.64 cd 58.94 c 


* Within or between columns figures not followed by the same letter 
are significantly different from each other (P = 0.05) according 


to Duncan's multiple-range test. 
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the low concentrations of magnesium (0.125 and 0.25 meq/liter) 
the average weight of the fruits from the plants grown under 12 
meq potassium per liter was more than those from the plants growing 


under 4 meq potassium per liter. 


iii. Influence on the total number of tomato plants 

The average number of fruits per plant is given in Table 6. 
The serciectcal analvaia showed that there was a highly significant 
influence of the magnesium and potassium nutrition on the number 
of fruits produced per plant. The interaction of these two nutrients 
also had a significant influence on the number of fruits. 

The increasing concentrations of magnesium in the nutrient 
solution increased the number of fruits per plant till the maximum 
was reached at 1.5 meq magnesium per liter under both levels of 
potassium. Under the low concentrations of magnesium (0.125 and 0.25 
meq/liter) the number of fruits produced at the lower potassium 
esi waa significantly higher than that produced at the higher 


potassium concentration. 


C. Influence of K-Mg antagonism on chemical content 
1. Magnesium 
gle Magnesium content of the indicator tissue 


The magnesium content of the indicator tissue for each of 
the treatments is given in Table 7. The indicator tissue consisted 
of the fifth leaf from the growing point and this was usually 
the newest fully developed leaf. 

The statistical analysis indicated a significant increase 


in the magnesium content of the sample tissue with increases in 
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Table 6. Number of tomato fruits produced per plant under various 


concentrations of substrate magnesium and potassium, 


Treatment Average number of fruits per plant 

(meq Me’ '/liter) 4 meq K'/liter 12 meq K'/liter 
0.125 ReOr6}——c 5 —~ab 
O25 7.00 cd 5.00 a 
0.375 7 (ete Se ee oX | Oo! DC 
0.50 . S253, de 7-00, ‘ed 
20 as oF Pa 9 8 Te et 
3.00 Yeo) ek 2 eerste Wiad 


* Within or between columns figures not followed by the same letter 
are significantly different from each other (P = 0.05) according 


to Duncan's multiple-range test. 
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Table 7. Magnesium content of *indicator tissue in tomato plants 


under various concentrations of substrate magnesium and 


potassium. 
Magnesium content of the indicator tissue 

Treatment (percent dry weight) 
(meq Mg "/liter) 4 meq K'/liter 12 meq K’/liter 

O- 125 # 0.20 a 0.26 b 

tap 0.28 b 0.29 bec 

0.375 0.33 cd OF 37.G 

0.50 0.35 d 0.38 d 

1.50 0.47 e O,54.. ef 

3.00 O25/ _ te 0.60 g 


* Fifth leaf from the growing tip. 


# Within or between columns figures not followed by the same letter 
are significantly different from each other (P = 0.05) according 


to Duncan's multiple-range test. 
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substrate magnesum under both the levels of potassium. 

The minimal substrate levels which gave the greatest fruit 
yield (Table 4) were 0.50 and 1.50 meq magnesium per liter under 
low and high potassium, respectively. The magnesium content of 
the indicator tissue in these treatments was 0.35% and 0.51% (Table 7), 
respectively. These values are significantly different from each 


other. 


ii. Magnesium as percentage of dry weight 


The magnesium content of the tomato plants as affected by 
magnesium nutrition under the two substrate levels of potassium 
is given in Table 8. Irrespective of the kind of tissue involved 
and the level of potassium fertilization, the magnesium content significantly 
increased with increases in substrate magnesium. 

The magnesium content of the stem tended to be higher 
erie the low potassium than under the high potassium at all the 
levels of substrate magnesium (statistically significant at substrate 
magnesium levels above 0.50 alien) . In the leaves, however, 
there was essentially the same content at each substrate level of 
magnesium regardless of the substrate potassium level. 

The magnesium content as percentage of total dry weight of 
the aerial part of the plant at the lower levels of substrate magnesium 
appears to be less under low potassium than under high potassium 
but the differences are not statistically significant. At the higher 


levels of substrate magnesium there is a reversal of this trend 
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tii. Tvelotal magnesium uptake by the plants 


The total magnesium uptake by the plants as affected by 
substrate levels of magnesium and potassium is given in Table 9. 
The analysis of variance showed a highly significant effect of 
magnesium nutrition on the total magnesium uptake. Under both 
levels of potassium, the magnesium content of the plants increased 
with the increase of the magnesium concentration in the nutrient 
solution. Neither the effect of potassium nor its interaction with 


magnesium has any significant influence on the magnesium uptake. 


2. Potassium 

i. Potassium as percentage of dry weight 

The average concentration of potassium (expressed as percent 
of dry weight) in aerial portion of the plant is given in Table 10. 
An increase in the concentration of potassium in the substrate very 
significantly increased the potassium content of the plants, irrespective 
of ie substrate level of magnesium. Under both levels of potassium 
there was a trend towards decreasing potassium content in the plant 
with increase in substrate magnesium. However, significant decreases 
occurred only under the low potassium and low concentrations of 


substrate magnesium. 


ii. Total potassium uptake by the plants 


The influence of magnesium and the potassium nutrition on 
the total potassium content in the tomato plants is indicated in 
Table 11. The statistical analysis indicated a highly significant 


effect of both potassium and magnesium nutrition on the total 
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Table 9. Total magnesium in tomato plants under various concentrations 


of substrate magnesium and potassium 


Treatment Average total magnesium per plant ( mg ) 
(meq Mg’ ‘/liter) 4 meq K'/liter 12 meq K'/liter 

0.125 % 1.61. a 248k 2 

0.25 3.95, a S394 4a 

0.375 11.00 ab 6.68 ab 

0.50 18.922 14.87 ab 

2.50 48.41 c 4] iD oe 

3.00 89.08 d | Wald Jd 


* Within or between columns figures not followed by the same letter 
are significantly different from each other (P = 0.05) according to 


Duncan's multiple-range test. 
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Table 10. Potassium content of tomato plants under various concentrations 


of substrate magnesium and potassium 


Potassium in the aerial portion of the plant 


Treatment (percent of dry weight) 

(meq Me Lice) 4 meq K fitites 12 meq K'/liter 
Gcr25 = 70.02) ¢ 7.06.40 
0.25 | 4.90 b 7.45 d 
0°375 3.84 a 7.17 d 
0.50 a6 <A 7218. d 
Te50 a57 0) ea 6.98 d 
3.00 bey ey 6.85 a 


* Within or between columns figures not followed by the same letter 
are significantly different from each other (P = 0.05) according 


to Duncan's multiple-range test. 
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Table 11. Total potassium in tomato plants under various concentrations 


of substrate magnesium and potassium 


Average total potassium per plant 


Treatment Cegr) 
a 
(meq Mg /liter) 4 meq K' /liter 12 meq K'/liter 


0.125 e_O.251- "a 0.477 ab 
0.25 0.39 ab UPee Eat) 
UE e337 0b 0.464 ab 
0.50 Ve50%.) D 0.851 c 
1.50 UPR A A at) Wiggle os 
3.00 Ue pW h ade: 1. COL c 


* Within or between columrs figures not followed by the same letter 
are significantly different from each other (P = 0.05) according 


to Duncan's multiple-range test. 


Le 


| j | | eS 
Welgatifenpos nwolTey obey aaa OVNMGI 09 Mins REBIO {aso vt 


» ri 
. 


ie Vet 


~ 
uwhesarod bie ay trareygen ytetsedue Yo " : 


— —_ ~- oe ee ey 


‘ wan o*. 
ry ‘ ru ns} aM | i. 7 =~ ; aot.) A: } wnrids Hnasw2 od TO nda 


yc ‘ go = 97) F ' (562 gor? I76* 9) a zi iiooltiagke 23 Ss 
+ he sleatolug e” néoeted o8 : 
= < 


~) 


41 


potassium uptake. The interaction of the two nutrients was also 
Significant. 

At most of the substrate magnesium levels the potassium 
content of the plants was higher under higher substrate potassium 
than under lower substrate potassium. This difference was significant 
only under substrate magnesium levels of 0.50 meq and higher per 
liter. 

Within limits, increments of magnesium in the substrate 
increased the total potassium uptake under either of the substrate 
potassium levels. This limit was reached at substrate mangesium 
concentrations of 0.25 meq/liter and 0.50 meq/liter under the low 


and the high substrate potassium, respectively. 


3. Calcium 
i. Calcium as percentage of dry weight 
The calcium content as percentage of the total dry weight 
of the aerial portion of the plants is given in Table 12. The 
statistical analysis indicated a highly significant effect of magnesium 
nutrition, whereas, the potassium nutrition did not have any significant 
influence. The interaction of magnesium and potassium was also 


significant. 


ii. Total calcium uptake by the plants 


The average total calcium uptake by the plants is indicated 
in Table 13. The analysis of variance revealed a highly significant 
effect of magnesium nutrition. The influence of potassium nutrition 


and its interaction with magnesium is also significant. Duncan's 
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Table 12. Calcium content of tomato plants under various concentrations 


of substrate magnesium and potassium 


Calcium in the aerial portion of the plant 


Treatment (percent of dry weight) 

(meq Met /liter) a ee 12 meq K'/liter 
0.125 * 1.59 abcd 1.90 d 
Q.. 25 71, bed 1.44 abc 
0.375 1.74 cd D.39 - abc 
0.50 H.56 abcd 1.60 abcd 
1.50 1.43 abc 1.38 ab 
3.00 b.36 ab 32 a 


* Within or between columns figures not followed by the same letter 
are significantly different from each other (P = 0.05) according 


to Duncan's multiple-range test. 
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Table 13. Total calcium in tomato plants under various concentrations 


of substrate magnesium and potassium 


aay 


Average total calcium per plant 


Treatment (oo.) 

(meq Mg’ ‘/liter) 4 meq K/liter 12 meq K'/liter 
Ovi25 | * 0.06 a O7L0e a4 
as 0.14 ab 0.107 a 
O75 0524. ic 0.09 a 
0.50 0.24 —c 0,19 be 
oO 0.20 be 0.20 be 
3.00 OeZ Ly ibe 0220 be 


* Within or between columns figures not followed by the same letter 
are significantly different from each other (P = 0.05) according 


to Duncan's multiple-range test. 
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multiple-range test shows no significant increase in calcium content 
of plants under low potassium at substrate magnesium concentrations 
of 0.375 meq or more per liter. This limit under the high substrate 


potassium is reached at substrate magnesium concentrations of 0.50 


meq/liter. 


D. Mineral content of tomato plants under various soil temperatures 


and potassium fertilization levels 

Table 14 gives the mineral content as the percent of total 
dry weight of the plants grown under two levels of potassium fertilization 
and four substrate temperatures. 

Under the low level of potassium (4 meq/liter) the magnesium 
content of the plants increased with increase in substrate temperature. 
This increase was appreciable up to 23.9 C. At the next higher temperature 
(29.4 C) the increase was very little. Under the high substrate | 
potassium (12 meq/liter) the increase in the magnesium content with 
the increase in the temperature was comparatively very moderate up to 
23.9 C. At the highest temperature (29.4) there was a decrease in 
the magnesium content of the plants. | 

The comparative magnesium contents under the two potassium 
levels and the four substrate temperatures is also shown in Fig. 4. 
Comparing the levels of magnesium in the plants under the two levels 
of substrate potassium one notes that the difference widened with 
the increase in temperature. 

The potasssium content of the plants under the low level 
of potassium (4 meq/liter) showed an increasing trend up to substrate 


temperature of 23.9 C. Further increase in temperature to 29.4 
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resulted in a depression in potassium uptake. Under the high substrate 
level of potassium the potassium content of the plants at various 
temperatures did not show any consistent trends and appear not to 
be much different from each other. 

Calcium showed a trend of moderately decreasing levels in 
the plants with increase in substrate temperature at the low potassium 
level (4 meq/liter). This trend was comparatively more marked 
under the high oes level (12 meq/liter). The decreasing 
trends of calcium content of the plants (as percent dry weight) 
with increase in substrate temperature under the two potassium levels 


ag tilustrated in Fig. 5. 


E. Influence of light intensity and potassium fertilization on 
the mineral content of tomato plants 


The magnesium, potassium and the calcium contens expressed 
as percent dry matter for tomato plants growing under different 
light intensities and two levels of substrate potassium are given 
in Table 15. 

The magnesium level showed a decreasing trend with the age 
of the plants irrespective of the light levels or the ‘evel of potassium 
fertilization. The magnesium percentage also appears to be lower 
under the high light intensity (at least in the first sampling), 
but the differences are neigher marked nor consistent Gavin Lt 
difficult to draw any definite conclusions. The potassium fertilization 
did not appear to have any appreciable effect on the magnesium uptake. 


In most cases the plants growing under the higher levels 
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substrate temperature (C ) 


Fig. 5 Ca content as percent dry weight of tomato 
plants grown under four substrate temperatures 


and two levels of potassium, 
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of potassium showed a higher percentage of potassium in the indicator 
tissue. The intensity of light also appears to affect the potassium 
uptake. The indicator tissue sampled both after eight weeks and 
fourteen weeks showed a trend of having higher potassium content 

under less light. The potassium content was fairly uniform over 

the age of the plants. 

There was no marked effect on the calcium content of the plants 

except for the fact that the tissue samples taken fourteen weeks 

after transplanting had relatively less calcium content in the plants 


grown under less intensity of light. 


F. Influence of magnesium deficiency developed at different stages 
of growth in tomato plants 


The influence of the replacement of the normal nutrient 
solution by magnesium-free nutrient solution at different stages 
of growth, on fruit yield, is given in Table 16. The analysis of 
variance revealed a highly significant treatment effect. Through 
the application of Duncan's multiple-range test it is found that 
development of a magnesium deficient environment after nine weeks 
of normal growth did not significantly affect the fruit yield. 

With regard to fruit yield, the influence of feeding tomato 
plants started as magnesium deficient, with a normal nutrient solution 
is given in Table 17. The statistical analysis shows no significant 


increase if the normal solution was applied earlier than three weeks 


after emergence. 
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DISCUSSION 


The potassium-magnesium antagonism is an established 
phenomenon. This phenomenon, however, becomes important for practical 
purposes only if potassium reduces the uptake of magnesium to 
such an extent that it results in a reduction of the crop yeilds. 
Holmes (19) has reported that high rates of potassium tended to 
decrease the yield of potatoes as compared to a more normal rate 
and at least in one of his experiments this reduction of yield was 
attributed to potash-induced magnesium deficiency. In the present 
experiments plants under low substrate potassium (4 meq/liter) 
gave the maximum dry weight (Table 3) when magnesium in the nutrient 
solution was at least 0.375 meq/liter. Comparable quantity of dry 
weight was obtained under the high substrate potassium (12 meq/liter) 
only when the substrate magnesium was at least 0.50 - 1.50 meq/liter. 
The maximum fruit yield (Table 4) was obtained with minimum magnesium 
substrate levels of 0.50 and 1.50 meq/liter under the low and the 
high substrate potassium respectively. 

The average number of tomato fruits produced per plant 
is significantly affected by magnesium and potassium nutrition 
(Table 6). Substrate potassium does not appear to affect the number 
of fruits produced per plant when the substrate magnesium is high 
(1.5 meq/liter or higher). However, under the low magnesium levels 
(0.125 - 0.250 meq/liter) less fruits are produced when potassium 
is high (12 meq/liter) than when it is low (4 meq/liter). The 
number of fruits produced under the low substrate potassium and 0.125 


meq magnesium per liter are statistically comparable to the number 
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produced under the high substrate potassium when substrate magnesium 
is increased to 0.375 meq per liter. 

Thus increased potassium in the nutrient solution induces 
magnesium deficiency of a magnitude sufficient to reduce plant growth, 
fruit yield (weight) and the average number of fruits produced per 
plant. The antagonistic effect of potassium on magnesium is greatest 
when substrate magnesium is relatively low. This is in agreement 
with an observation of Welte and Werner (44) that magnesium deficiency 
will occur only when soil-Mg is at a deficiency level and only under 
those circumstances is a generous potash dressing likey to have 
an aggravating effect. 

The minimum substrate levels of magnesium which were necessary 
for maximum plant growth (dry weight of plants) were not the same 
as those necessary for maximum fruit yield (comparison of Tables 3 
and 4). The soil nutrient levels necessary for maximum plant growth 
and fruit yield are not necessarily the same. Cummings (8) reported 
yield responses from the application of potassium on peaches even 
when there was no response on the tree growth. 

The results of the study on the effect of K-Mg antagonism 
on the average weight of the individual fruits (Table 5) indicates 
a significant effect of magnesium nutrition. Under magnesium 
deficiency conditions the average weight of individual fruits 
is less. Woodbridge (47) reported that apples are smaller in 
size from magnesium deficient trees than from non-deficient trees. 
Reduction in the weight of the individual tomato fruits is more under 


low substrate potassium than under high substrate potassium. 
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Potassium appears to compensate for low magnesium, to some extent, 
in helping to maintain the weight of the individual tomato fruits. 
The study on symptom expression revealed that irrespective 
of the level of substrate potassium no visible symptoms (chlorosis) 
were present when the magnesium concentration in the nutrient 
solution was 1.5 meq or more per liter. Asa general rule growth 
may be restricted due to limiting supply of a mineral even when no 
visible Symptoms are present. Such a deficiency is termed 'Hidden 
Hunger' (37). It appears that magnesium deficiency does not conform 
to this principle. In this study the visible symptoms (mild to 
moderate chlorosis) were present even when the growth was not restricted. 
Howlett (21) has pointed out that tomato plant growth is often, if 
not usually, not appreciably reduced due to magnesium deficiency 
until it becomes severe. This perhaps explains for no response to 
applications of magnesium on plants showing magnesium deficiency 
Symptoms as reported by some workers (19,20). In such plants the 
supply of magnesium is restricted to the extent that visual symptoms 
are produced but it is not low enough to reduce the plant growth 
or the fruit yield. 

The mineral analysis of plant tissue (Table 8) indicates 
that the concentration of magnesium in the stem tends to be higher 
under lower potassium than under high substrate potassium levels 
at all levels of substrate magnesium (24). These differences are 
statistically significant at substrate magnesium concentrations of 
1.5 meq or higher per liter. The situation in the leaves, however, 
is quite different. They have essentially the same magnesium content 
at each substrate level of magnesium regardless of the substrate 


potassium level. This could be interpreted as a stress on magnesium 
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in the leaf tissue when substrate potassium is high. The magnesium 
tends to accumulate in the leaves at the expense of the stems. 

The magnesium contents as percentage of the total dry weight 
of the aerial part of the plant at substrate magnesium levels up to 
1.5 meq/liter are comparable under the two substrate potassium 
levels (Table 8). In spite of this the plants show less growth, 
at least at magnesium concentrations of 0.25 and 0.375 meq/liter 
(Table 3), dndet the high substrate potassium. Similarly lower 
fruit yield is obtained under the higher substrate potassium level at 
magnesium concentrations of 0.375 and 0.50 meq/liter (Table 4). 
Under increased substrate potassium there is an apparent necessity 
for more magnesium. The problem, therefore, is not that the uptake 
of magnesium is hindered but that magnesium apparently becomes 
unavailable within the plant. This unvavailability of magnesium 
probably occurs in the leaves since there is an accumulation of it 
therein. 

| At the highest substrate concentration of magnesium the uptake 
of magnesium is significantly reduced by high substrate potassium. 
There appears to be, therefore, a definite hinderance in magnesium 
uptake only at the higher levels of both magnesium and potassium 
in the substrate. 

The level of magnesium in the leaf remains constant at each 
of the substrate magnesium levels regardless of the stress imposed 
on uptake by the potassium substrate levels. Ward and Miller (43) 
tried to develop potassium-induced magnesium deficiency in tomatoes 


by using 3 meq magnesium and 12 meq potassium per liter of nutrient 


solution. No symptoms were produced even after 73 days. Results 
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indicated a high potassium content in the leaves but an undepressed 
magnesium level. The authors suggest that the amounts of potassium 
were not large enough to prevent absorption of magnesium. The present 
investigations, however, indicate that there could have been an undetected 
depression of magnesium in their plants. Apparently only the leaves 
were analysed and as already noted (Table 8) leaves will not show 
any depression. Under similar nutritional conditions to those 
used by Ward and Miller a decrease of over 50% in stem magnesium and 
a decrease of about 15% magnesium for the entire aerial portion of 
the plant were observed. These decreases are statistically significant. 
Magnesium also exerts an antagonistic effect on the potassium 
uptake of tomato plants (Table 10). However, significant decrease 
in potassium uptake occurs only under low potassium and the lower 
concentrations of magnesium in the nutrient solution. It can be 
inferred from this that magnesium hinders the uptake of potassium 
but this antagonistic effect is significant only under low substrate 
concentrations of both potassium and magnesium (24). This is opposite 
to the conditions under which potassium exerts an antagonistic effect 
on magnesium, i.e., higher concentrations of the two elements. 
The total uptake of magnesium (Table 9) is significantly 
affected by substrate magnesium. The total uptake of potassium 
(Table 11) is significantly affected by magnesium and potassium 
nutrition. The total uptake of either of these elements, however, 
appears basically to be a function of plant growth and the level 
of fertilization of the respective elements. 
The calcium content expressed as percentage of dry weight 


appears to increase with increase in substrate magnesium up to a 
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concentration of 0.375 meq/liter (Table II) under low substrate 
potassium. However, this is merely a trend and not statistically 
significant. A further increase in substrate magnesium shows a 
depression in the calcium content. At a substrate magnesium level 

of 3 meq/liter the magnesium-calcium antagonism appears to be operative 
resulting in significantly less calcium in the aerial parts of the 
plant relative to that present at 0.375 meq magnesium per liter. Under 
the high Supetehie potassium (12 meq/liter) the trend of magnesium- 
calcium antagonism becomes evident at a much lower concentration of 
magnesium in cue nutrient solution (0.25 meq/liter). Thus high 
magnesium and potassium act together in antagonising the uptake 

of calcium by tomato plants. 

The total uptake of calcium (Table 13) under either of 
the substrate potassium levels is essentially proportional to the 
plant size. Nevertheless, under low substrate potassium (4 meq/ 
liter) and at magnesium concentrations of 1.5 meq/liter and higher 
there is a decreasing trend in total calcium uptake suggestive of 
a depressing effect of high substrate magnesium levels. However, 
the depressing effect not being statistically significant cannot 
be taken as a very conclusive result especially in the absence 
of a similar effect under high substrate potassium. 

Plant tissue analysis as a means for diagnosis for the 
nutritional needs of agri altural crops have become a well recognised 
practice. Many investigators have published sets of values for 
optimal nutritional levels in different crops. Ward and Miller (43) 


found incipient magnesium deficiency in tomato plants cv Michigan- 


Ohio Hybrid to be associated with a magnesium level of 0.30% of dry 
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weight of sample leaves but recommended a level of 0.45% for healthy 
normal growth of greenhouse tomatoes. In the present investigations 
the magnesium levels associated with maximum fruit yield (Table 4) 
are 0.35% and 0.51% (Table 6) for plants under the low and high levels 
of potassium, respectively. The former is in close proximity to 
Ward and Miller's value of 0.30% but the latter is significantly 
higher. Foliar analysis, therefore, cannot be Pn ees a simple 
tool for diagnosing the nutritional needs, at least, in cases 
where ion interactions are involved. No definite values can be 
assigned to any element. One can interpret the foliar analysis 
data for formulating a fertilizer program only after careful 
consideration of all nutrient elements both in the tissue and 
the substrate. This is in agreement with the observations of 
Froshey (14) that the failure to consider such factors as crop 
load, weather, and the relationship between elements can seriously 
limit the value of leaf analysis for diagnostic purpose. 

The experiments on the effects of substrate temperature 
and potassium fertilization, and light intensity and potassium 
fertilization indicate a possible influence of these factors on 
the incidence of magnesium deficiency. A high rate of potassium 
fertilization and high soil temperatures (Table 14) can act together 
in aggravating the problem of magnesium deficiency (25). This possibly 
explains why the reports of magnesium deficiency in greenhouses, 
in spite of normal substrate magnesium levels, are mene frequent on 
warm crops such as tomatoes, cucumbers and chrysanthemums than on 


cool crops. This could also be one reason why tomatoes frequently 


do better in ground beds than on raised benches - the former having 
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better buffering capacity against high day temperatures. Under high 
light intensity there was a trend towards less magnesium uptake 
than under the low light conditions, but, in view of the limited 
scope of the experiment no firm conclusions could be drawn. Continuation 
of investigations on these lines would perhaps be worth while. 

Foliar analysis of vegetable crops provide a unique problem 
not encountered with fruit crops. Vegetable crops are mostly one 
season crops and before leaf analysis can be performed the crop 
has to be grown for some time. This leads to a possibility of a 
detection of deficiency of an element at too late a stage for any 
redress. The experiment investigating the effect of magnesium deficiency 
at different growth stages of the crop on fruit yield, however, indicates 
that magnesium deficiency can lead to no substancial loss of tomato 
fruit yield if it is corrected within three weeks of the emergence 
of the seedlings (Table 17). Tomato seeds perhaps have enough 
magnesium in them to withstand at least this short period of time 
without any reduction in yield. That tomato seedlings can withstand 
this short period of magnesium deficiency is not an unusual phenomenon. 
Johnston and Walker (23) found the growth and vigor of strawberry 
plants growing for sixteen weeks in magnesium deficient cultures 
to be equivalent to that of plants receiving complete nutrients. 

The occurrence of magnesium deficiency nine weeks after 
emergence of seedlings did not affect the tomato yields, In the 
event of magnesium deficiency occuring in a greenhouse tomato crop 
any time after nine weeks of emergence of the seedlings, the application 
of a magnesium fertilizer can be postponed without any significant loss 


in fruit yield. However, before the next crop is planted the deficiency 


should be redressed. 
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